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Testshavebeen macl.eto /letez*mi.nethe dampingin roll and
the aile::onrollingtf,fectlvenesso? threewingshwving$&o,42°,
and 6z0 sweep”back.The wing with 2° sw~epbackhad an aspect
ratio o? 10 and the wings“with42° and f32°swee.pbackwwhichwere
obtainedby rotating.the panelcof the wing with 2° sweepback
aboutthe O.~LO..ro(>ti-cPiordpointwhile the lengthof th~ 0.50-chord
linewas held Conetmtj had aspect~atiosof 5.9 end 2.5, resyec-
tivel~. All wfingshad tapsrPatiosof 0.5.,

The resu?.tsof the invest5.g@,ionshowed‘thatthe valuesof
&~myingin roll deci-ee.sedwitilincreasingsweepba,ck.Anapproxirnate
estimateof tltis reductionover the linearrange of lift coefficient
can be obta~nedby multfl.plyingthe’strai”ght-wingvalue of damping
in roll by the cosineo: t~i~ sweepbackangle. The dampingin roll
for all threewin~sdecrc.~fied with increasinglift coefficient,
Increasingthe amountof sweepbackreducedthe tendencytoward
instabilityin rollingas the maximumiiftwas a~proached. increasing
the amountof sweepbackincreasedthe aile~~ondeflectionrequired
to prcducea givenvalueof the helixangle generatedhy the winG tip,

Experimental
speedof aircraft

INTT?ODUCWION ,,

and theoreticalwork has s.howl~’thatthe critical
can be incrbasedcon~iderablyby employinglarge

amountsof wing sweep, At the presenttime littleexperimentalor
theoreticaldata on the roharydampingderivativesof h~.ghlyswept

,. wing plan formsexist. Becausethesederivativesa~’eessentialin
the theoreticaldeterminationof the d~i~ic stabilityend control
characteristicsof aircraft,an experimentalinvestigationto

.a determinethes~derivativesfor swei)twings is being conductedin
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the Langley15-footfree-spinningtunnel, In the firstpart of
this investigation,measurementsare bein.gmailsof thedampin~in-roll
derivative.

Presentedin this paperare the resultsof the experimental
investigationmade to determinethe valuesof dampingin roll for
threewingshaving2°, 42°, and 620 sweepback.JQSO presented
are the resultsof testsmade to determinethe rollingeffectiveness
of aileronson thesewings.

SYMBOLS

A

%

CD

wing area,squarefeet

airspeed,feet per second

wing spanmeasuredperpendicularto planeof symmetry,feet

wing chord parallelto planeof symmetry,feet

mean aerodynamicchordyarallelto planeof symmetry,feet

angleof sweeybackof the quazzter-chordline of the wing,
degyees

taper ratio (c@)

angleof’attack,degrees

totalaileromdeflection,degrees(sumof deflectionsof
rightand left atlerons,equalup and down)

drynamicpressure,poundsper square foot

perpendiculardistancefrom planeof symmetryto
center-of-loaddistributionon one semispan,feet

aspectratio (b2/S)

()

~
lift coefficient qs

()drag coefficient ~

.
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pitching-momentcoefficientmeasuredabout6/4

)

‘Pitchingmuaerit

\

—...-.— —..—,-
qsz

rolling-momentcoefficient
( ‘)

llollin~moment
qsb

helixanglegeneratedby wing tip, radians .

damping-in-rollparameter

()

~,
rate of change~~ ‘

~~
of rolling--momentCoefficientwith helixangle
generateaby wing tf.y

slopeof lift curve,per degree

changeM angleof attackat center-of-loaddistribution
on one semispanresultingfrom rolling,degrees

incrementallift coefficientresul.tinufromrolling

rolling-momentcoefficientper degreedeflectionof one/-

Subecrlpts:

r root

t tip

A sweepbackangle,degrees

APPARATUSAND TEST COilDITIONSe

3

The dampingtestsand aileron-rollin.g-effectivenesstests
weremade in ‘theLangley1~-footfree-spinningtunnel (reference1)
on a specialstandwhicliwas free in roll.aboutthe wind axis.
A photo~aph of the standas set up for rotationtests is shown
as figure1 and figure2 is a sketchof the standas set up to
measurerollingmomentswith a calibratedtorquerod. These”itests
weremade at a dynamicpressureof 2.8 pou’nds,persquarefoot which
correspondsto testRecynoldsnumbersof 163,000for the wing with
2° sweepbackcind326,000for the wing with 620 swe~p~ackjbasedon
theirrespectivemeon ~erodyn~ic chords.

,,
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Valuesof the dsmping-in-~ollpcsmeter cl were obtainedfor
D

eachwing t“nroughs,rsmgeof anglesof attackwh~ch covereda lif’t-
coefficieatrangefrcm smallpM.tive lift coefficientsto maximum
lift coefficient,Foj~eachwinGj aileron-rolling-effectiveness
testswere alsomade to detemninethe ~ilerondeflectionrequired
to produceratesof rctationco~-respondfilgto valuesof pb/W of
0.05 and 0,10 throughrangesof lift coefficientsfrom 0,23 to 1.14,
0.0!+lm 0.95, and O tm 0,76 for tilewingswith 2°, 42°,and 62°
Osweepback,respectively In addition,staticaileronrolling
maments,covefingtheseMft-coeffici.entranges,were determined
for eachwing. +

Force teststo detetine the lift,drag,and pitching-moment
characteristicsof the wingswere made on theLangleyfree-flight-
turunelbalance(reference2) at a dynamicpressureof 3,0 pounds
per squarefoot.

The thee skrai~-~t-t:-:o~’wing models (L = 0,5) used in the
testshad 20, 4-2°,and &o sweepbe,ckof the quarterchotiand
~~pect ~tj.os Of 10, ~.~,and 295J respecti~~lY~The wingswith
@o and 6iFsweepbackwere obtainedby rotatingthe panelsof the
wing wit% 2° swerpb~ckaboutthe 0.50-ro~t-chordpcintwhile the
M@h of the 0.50-chord.linewas held canstantand cuttingthe
wing tips off parallelto thewind stresmc Thus all the wings
had approximatelythe samearea (2.5 sq ft), Each wing was
equippedwith 0C30-chordplainailercmsc Geometriccharacteristics ,
of the wings,includingthe spenwiselocationof the ailerons,are
givenillfigure39

METEOD

The Mm@ng in roll of thewingswas obtainedfrom stoady-
rotatlontestson the roll stemland staticrolling-mmenttests.
The standand wing rotationwas obtainedby deflectingthe vane

(@ in fQj. 2). In steadyrotation,the ~orctngmment was
assumedto be equal.to the damyj.ngmmnentand of oppcmite~ign.
By recordingthe ~te of’rotationfor vane settinGsof 20°$ 30d~
-20°,and -30°,the dampingin roll cl the stand.andwingcombina-
tion and of the standalonewere determined,The vene settings
uses gavevaluesof pb/2V from approximatelyO Ok to 0007 for
thewing with 2° sveepbackand from apyroximatslyO.Or~to 0,24 for
the wingswith 420 and 620sweepback.In orderto dete~rminetie
d~ping of the wing alone,the dam~ingcf the staii~.was subtracted ;

fl~~~we d~ing of ~Llest:.~ld.andwing combinationfOr any @.Ven
rate of rotationg

.
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For determin~ngthe aileronrollingeffectiveness,the ailerons
hei-eadjustedto obtainvaluesof pb/2V of 0.05 and 0.10for each
wing. The totalaileronsettingsfor positiveand negativerotation
were averagedto give the totaleffectiveailerondeflectionrequired
for the desiredr~te of rotation. At eachrate of rotationthe
dampingmomentof the standwas neutralizedby settingthe fin to
producean equaland opyositemoment

.,

WHJLTS AND DISCUSSION
.( o
(

The resultsof all testsare presentedin Tig.xres4 to 7. IrI
f@u.re8 the data are mxmnarizedandcomparedwith valuescalculated
by the simplifiedtheoryfor dwqpt+backwings,whichwas verified.
experimentallyin reference4. Since”the sweepbackin the present
investigationwas obtainedby pivotingthe semispanof a givenwing
aboutam axis in the planeof symnetry,the theorymay be used in
the basicformwithoutthe agyect-ratiocorrectionsrequireilfor
the experimentaldata of reference 4...

The resultsof the teststo determinethe lift,drag,and
pitching~omantof the wingsare shownin figure4. Thesedata

1 indica~ethat the lift-curveslopedecreaseswith increasing
sweepbackangle. The simplifiedtheoreticaltreatmentof
reference4 showedthat ~ variedwith swee,pbackas cosA.

a
The experimentaland celcule.edvaluesof CL for the wings

i a
testedare presentedin figuie8(a) and showgood agreement.

The resultsof the damping-in-rollt~stsare shownin figure5.
The data indicatethat sweepingthe wing back reducedthe damping

[ in roll and that the dampingin roll for a givenwing decreased
graduallyoverthe linearportionof the lift curve (upto CL = 1.0

for the wingwith 2° sweepbackand UD to CL = 0.6 for the wings

with 42° and 62° sweepback).B:yondthe linear~ortionof the lift
curves,as the maximumliftwas approached,the wingwith 2° sweepback
showeda rapidreductionin dampingin roll and abovethe

r

imum
lift coefficient,amarkedinstabilityin dampingin roll posi-

)
tive CZ .’‘Thewingswith 42° and 620 sweepbackshowedan irregular

P
decreasein Cz beyondthe linearportionof the lift curveand

-, 3
retaineda smallamountof dampingup to an emgleof attackof 360.

4
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A reductionin Cl with sweephackfor vi~s havingthe
P

ssrmbasicwing pinelsworldbe expected fmm a simyl~.fied
treatmentof the thee-ryof swept-backwin~s, The dampingrolling
mcment~roducedawing rollingresvltsfromthe asymmetriclift
dist~i%utiorialongthe span,quchthat,for aqy wing

(1)

For the swept-backwt~e!s,reference4 end the e~erimental data
of figure8(e.)showthat CL wxies as cosA; bJ gemnetry b

u
can be sham to vary as cw A ard y is acsumd to vary approxi-
matelyas cosA so that the ratio y/b remainsa~proxiaately
constant● Tho slfectiveincrementalangleGi’attackresuliir~from
uolliv.gAx, in degrees>.canbe expressetiby the equation

(2)

Sincethe ratio y/b is assumedto le constant}if yb/2V is
hold constantwith sweep%auk,then

LaA = b’dA=o (3)

If theserel.ahionshipsere stibsti.tuteiiin equation{1),the &m@ng
in roll for the swo--t-lackwing C!1 can be exyressedin terms of

PA .

(,)
the aempi~ in roll.of the straightwing C2 es

g Ad

(4)

I

.

“.
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Figure 8(b) yresentsa comparisonof the calculatedand
ex~)ez”imentalvaluesof cl at a representativelift coefficient

2
(0.3)inthelinew portionof theliftcu-ve. Althoughthe
calculatedvaluesfcm the swept-backwings predictslightlymore
dampingthanwas obt~.ineiiexyerimentslly,itapyearsthat equation(k)
may be used as an approxhnc.teestimateof the Warpingof swept-
%ack wingswheu sweepis oltair!edbyrotabin~the wing panelsabout
arisxi.s.inthe.plsneof syumetiryperpendicularto the chordline.
The experimentalvalue of Cz; obtainedfor the wing with 2°

sweep’backis in good agreementwith the theoreticell.value of Ct
P

The,measureds-tatica;.leronrollin~momentsfor the wings
tes-tec~are presentedin fi~ure6. Thesedata indicatethatwith
increasiucswecpback~eater ailercndeflectionsare requiredto
producea givenrOllingqyxnent,The ailerondeflectionrequired,
fcm any swee~bask,remainsessentiallyconstantovei’the linear
-pOrticnof the lift cu~~ye.Referenceh indicatedthatntheaileron
effcctiveriessof a sweyt-backwing was reducedas COSLA, Figure8(c)
showsthat thisrelationshipholds~aeasondblywell furwingswith
2° erli42° sweeybacktThe data for the wing with 62° sweepbacksre
alsopresentedin figvre8(c)%ut sinceWe locationof the ailerons
on thiswing is not the same as the locationof ‘theaileronson the
wingswith 2° and 4Z’0sweelbackthe data are not directlycomparable.
(See figo ~.)

The resultsof teststo determinethe ailerondeflections
required,to producevdlmesof pb/2V of 0.05 and.0.20 are presented
in figure7 with calculatedvaluesot the ailwcondeflections
required. The calculatedaileronrollingefl:ectivenesswas obtained
fromthe damping-in-rolldata of figure5 and the staticaileron-
rolling-m,omentdata of figvu+e6, The data of fiCure“7showthat
as the sweep’backwas increased.gz’eateorailerondeflectionswere
requiredto proti~cea givenvelv.eof p’b/2Vi

The data of fi~ure7 showthat for the winG with 2° sweepback
the experimmtelaileronrollingeffectivenessremainednearly
constantthroughoutth,elift r~ge ~nvesti~ated.Tilecalculated
data We in fair a~eement with the experin~entaldata. Fi~~~e~5
and6 shawthat for the wins with 2° sweep%ackthe aileronrolling
effectivenessrerminsconctantbecausethe aileron-rollingmoment

%~a decreasedin a%outthe sameratio as the dsrupingroll Cl
P

‘@ to maximvmlift coefficient.
the ex~erimentaldata of figure

For the wing with 42° sweepback,
7 showthat aj.leronrolling
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effectivenessremainedconstantup to a lift coefficientof 0.7
and that from a lift coe:?ficientof O.~ to C*95 +di~eaileron
deflectionrequiredfor a $..’~envalueof pl/~- deci’eased.The
cal.czil.eteddataverifythisre~uctionsincethe dsmpingin roll
C2- decreasedmore rapidlythan the aileronuoQir&mme=ts

Cz:q. (seefigs.5 end6.) NO apparent s;rst~J;icva-iationof
b

aileronrequiredfor a givenvelue of pl/2V is noted for the
wing with 62° sweep’back.The calculatedand experimentalvslues,
hcwever,ewe in qualitativeag!?eemenk.

l?igure7 showsthat the ailelsonscouldnot ~oduce a velue
of pb@V of 0.05nearmaximumlift coeffi.cier~tfar the wings
with 42° and 62° sweep%ackbecause the aileroni+oll.l~ rmments
approachzercas meximvmlift coefficientsare reachd while
the wingsretain a smta31aount of dampi%a (Seefigs.s and 6.]

In figure8(d)the measuredand calculated.ailerondeflections
req.ui~edto produce p’b@V of 0.05 are plottedqpinst sweepback
angle● The calculationswere %ased on tl.efoX1.owinGrelationship:

cr

(5)

The expei+irintal.data’of fi~e 8(d) are in good egreementwith
the calculatedmli~esfor the wineswith 2° and ~!2°sweepbacli.
Data for the wi~ with @o sweey%ackem ~y.lesente&in figure8(d.),
%ut the data on thiswing ef’enot directlyccx~~ar~hlewith data
for the wiws with 2° and hd” swcepbackbec.ev.sethe aileronshave
differentlocations-

. .

CONCLUSIONS

The resultsof
sweepback,with the

testsof threewingshemi~ 2C, 42°, and 62°
42° end 62° swee~obtained. by i~otd~~ the
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axisIn the plane of
while the lenethof the

0-,50-choral~newas held constant,m.sybe stumwxrizeda; follows:
,,.

‘1,Increasi~~,sveey%ackreducedthe &emyinGin roll. An
approximateestimateof the dampingin roll of.the swe~t-back
winfg~ove~’the lineai.’l-e.llqeof lift COOf’flCiOntwas o’btained
%;’?aultiplyi~the strai.ght-wirgvalue Gf d.ampin~in roll by the
cosinoof the sweepbackan@ai

2. The d??L@n~in roll for all threewines decreasedwith
increasingli:t’tcoefficient.

3. Increasingtho amcymtof swce~baclc
for instabilityin.rollingas msxirnumLii’t

4.. Increasingthe mount of swee-gt,ack
the ailerotideflectionrecmi~~edto wroduce

~“et.”!ced the tendency
W.B approached.

causedan increasein
a givenvalue of helix

angl.oy-b/2vh

5S The aileponrolll.ngeffectivenessfor t~:ewin~with2°
sweep’backremainedapproximatelyconstantuy to the m.eximumlift
coefficientbecausethe aileronrollingmcmentsdecueasedapproxi-
matelyin the sameratio as the danyingin rolls YCX+the ~~ing
with 42° sweerbackthe eilercnrollinGefi’eutivenossremained
constentup to a liit coefficientof 0,7,but from a lift coefficient
of 0s7 to 0995 the atlerond.~flecti,onrequiredto y+oduce a given
value of pb/’2l,,,decreased~;ecausethe dem.pingin roll decreased
fasterthen the aileronrcllingmoments. No apparentsystematic
vazziationwith lift coefficientof the aileronrequiredfor a
giverivalue of’ pb/~ was notedfor the winflwith 62° sweejbackt

6. The rol~in~effectivenessof t?e z.ileronof the swept-tack
wingswas predictedwith fe.iraccuracyfrom staticaileron-rolling-
?rKmEnttestsand wing-dmnpingtests.

4.

.“

LangleyMeu.ori.alAeronauticalLabo:at.ory
NationalAdvisoryCommitteefor Aeronautics

Lar@eyField, Vat,May 31, 1946
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Figure l.- Roll stand with model of wing with 62° sweepback attached,
mounted in Langley 15-foot free-spinning tunnel.
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1 Vane (to produce rolling moment) 6

2 Counterweight

3 Torque rod (can be mounted in this 7

head to measure roiling moment) 8

4 Scale (for reading torque-rod de-.

flection in static tests) 9

5 Supporting arm (mounted to tunnel

wall) 10

,...
‘p

.L ,.

POlnter (to indicate t.orque-road=-
~lect.10ninSt,atlct~*tS)
Roll axis

Model support (can be free in roll

or restrained by torque rod)

Mounting head (adjustable to desired

angle of .sttack)

Yaw axis

Figure 2.- Roll bracket used to determine damping in roll
and rolling moments.
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F/gure 3.- Sketch o? w79 Don h~w.5 u.s& for JM@ -bwcK-w/oI
dampng mvetilgatjon. AII&ons, O.30c; a)rfoll section on
all wIn9s, Rhode St G~ms~ 33, er~endic ular 70

F0.5 chord )Ine. (for iQhode t Gene.se33 UI%4 see
?Fe erence 3.J
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figure 6. – Ailerw mlllng moment.. for
h?ree swept-back wjngs os defemvned
frOm force ?’ii5ts on mll siimd. g= 2.8.
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